Background: Numerous studies suggesting the relation between self-rated health (SRH) and depression have been reported using different measures. Therefore, we attempted to determine the difference in a depressive scale based on the different ways of measuring health between global SRH (SRH-global) and age-comparative SRH (SRH-age). Then, the combined effect of SRH-global and SRH-age on depressive symptoms was further investigated. Methods: Data from the Korean Longitudinal Study of Ageing (KLoSA) from 2008 to 2012 were analyzed. We divided the SRH-global and SRH-age into three levels-high, middle, and low-and combined each into nine new categories (SRH-combi). The Center for Epidemiologic Studies Depression Scale-10 Korean edition was used as the dependent variable.
Background
Major depressive disorder (MDD) contributes the significant burden of diseases in developed countries, and there will be further increases [1] [2] [3] . According to the Korean Statistical Informational Service (KOSIS, 2011), approximately 27.6% of the general population in Korea suffers from mental disorders during a lifetime [4] . While it is more prevalent than men, 12.0 and 9.1% were observed to have anxiety disorder and MDD, respectively, among women during their lifetimes.
In addition, the Republic of Korea has become a rapidly aging society. As a result, geriatric depression has also emerged as a major social issue. It is widespread and affects at least one in six patients treated in general medical practice and an even higher percentage in hospitals and nursing homes. Depression later in life has serious consequences, including distress among patients and caregivers, which is amplified by disability associated with medical and cognitive disorders of later life, increased health care costs, and increased mortality related to suicide and medical illness. In fact, in 2011, the age-standardized suicide mortality rate in Korea was 33.3 per 100,000 individuals, the highest among all OECD countries [5] .
Thus, it is important to identify the determinants associated with depressive symptoms as early as possible. In fact, numerous studies suggesting the relation between self-rated health (SRH) and depression have been reported [2, [6] [7] [8] . SRH is able to measure one's perception of one's general health status. This has been widely used and recognized as a validated indicator of health in a variety of populations. It also allows for comparisons across different conditions and populations [9] [10] [11] [12] .
The questions for measuring SRH could be classified according to three main categories. The first is a noncomparative SRH, which is usually measured by asking respondents whether they would rate their health as excellent, good, fair, poor, or very poor. The next is an agecomparative SRH measured by asking respondents whether they would rate their health status as better, the same, or worse if compared to that of other people their age. The last is a time-comparative SRH, in which respondents are asked to rate their health compared to how it was at a given time in the past. [13] The three different SRH measurements seem to represent parallel assessments of subjective health. However, there is a possibility of difference among the measurements. For example, people tend to overestimate their health in relation to others with increasing age [11, 13] . A recent study reported significantly positive linear trends between age-comparative SRH and physical health problems, such as respiratory diseases, musculoskeletal diseases, any active chronic diseases, functional disability, depressive symptoms, taking medication regularly, and admission to hospital last year [14] . However, those who rated their time-comparative SRH as "normal" had the smallest odds ratios in all of the physical health problems mentioned above than those who rated it as "better" or "worse". Thus, it is necessary to compare the differences in depression using a Center for Epidemiologic Studies Depression Scale (CESD) scale based on the different ways of measuring SRH. Because studies regarding the combined effect of global and agecomparative SRH on depressive symptoms in Korea are rare, it will be valuable to investigate the differences among SRHs and the association between combined SRH and depression.
Methods

Study population
We used data from the Korean Longitudinal Study of Ageing (KLoSA) from the second panel survey in 2008 to the fourth in 2012. A basic survey for KLoSA has been conducted every even-numbered year starting in 2006, mainly using the same survey categories regarding social, financial, and health. The population of KLoSA includes, in principle, all adults aged 45 and over. Many other surveys of elderly people in other countries only include the population aged 50 and over. In contrast, Korea experienced a financial crisis in the late 1990s, and career changes in the population of middle-aged individuals in their late 40s became an important social issue. Therefore, KLoSA decided to extend the population to include those aged between 45 and 49. The KLoSA used the Computer Assisted Personal Interviewing (CAPI) survey method. Because agecomparative SRH was not included in the first survey conducted in 2006, we defined the starting point as the second wave in 2008.
Ethics statement
The institutional review board from the Graduate School of Public Health, Yonsei University, approved this research (IRB approval No. 2-1040939-AB-N-01-2016-149). Since we used the national public opened data with deidentification and designed retrospective cross-sectional study, we did not seek informed consent for participation. However, KLoSA initially explained the aim of survey and collected informed consents from participants at baseline.
Measurement on depressive symptoms
The CESD was created in 1977 by Laurie Radloff [15] and revised in 2004 by William Eaton and others [16] . The CESD has been the workhorse of depression epidemiology since its first use in the Community Mental Health Assessment Surveys in the 1970s [17, 18] and is used in the National Health and Nutrition Examination Surveys [19] . It has survived transition to the telephone as well as a self-administered version and is usable with typically undercounted populations such as the elderly and the economically disadvantaged. The scale is well known and remains one of the most widely used instruments in the field of psychiatric epidemiology [20] [21] [22] . We used the CESD-10 Korean edition for measuring depressive symptoms defined by the American Psychiatric Association' Diagnostic and Statistical Manual (DSM-IV).
Socio-demographic factors
These factors include age, marital status, living area, education, and economic situation. Age group was carefully classified according to four categories: 54 or below, 55 to 64, 65 to 74, and 75 or above. Living area was divided into three levels: rural area, small to medium city, and metropolitan. Educational level was classified according to four levels from elementary school to college or over. The household heads provided their annual household income level. We then divided the income level into four categories based on the quartile results: Low, Low-Middle, Middle-High, High.
Health-related factors
These factors included whether they performed regular exercise, the number of chronic diseases, cancer history, the proportion of health expenditure in household income, type of medical security system, and whether they joined private health insurance. The number of chronic diseases was divided into four levels: none, one, two, three or more. Excessive health expenditure was defined as the proportion of health expenditures in household income and classified according to four levels from 5 % or below to 20 % or over.
We also included the type of medical security system and whether they joined private health insurance to adjust the effect of security for health on depression. In Korea, the medical security system is classified as national health insurance (NHI) or medical aid. People can qualify for medical aid if their single-family household income is < $600 per month; otherwise, they have mandatory NHI. Those who have NHI based on employment pay a monthly insurance premium according to their annual salary, and people who are self-employed pay for their premium based on the value of their property.
There are two types of private health insurance in Korea [23, 24] . The first is fixed benefit insurance, which pays a fixed amount defined in accordance with the PHI contract. Another is indemnity health insurance, which fully covers services uninsured by the NHI program and out-of-pocket payments for services covered by the NHI program. According to the national statistics [25] , 76.8% of household had any kind of private health insurance in 2011.
Measurement on SRH
In KLoSA, SRH was measured using the two following questions. Figure S1 )
Statistical analysis
We evaluated both the separate effects of SRH-global and SRH-age and the combined effect of both variables. For analysis of combined effect, we selected the "middle SRH-global × middle SRH-age" group as reference. Differences in CESD-mean by each variable were tested using a t-test and ANOVA. Associations between CESD and the variables included in three different health status variables (SRH-global, SRH-age, and SRH-combined) and other covariates (socio-demographic and healthrelated) were initially analyzed with product-moment correlation. As a second step, multiple linear regression analyses (PROC GENMOD; SAS procedure) were used separately for the different SRHs with CESD as the dependent variable, and the variables were included in the factors as independent variables. To compare the goodness of fit among three different SRHs, QuasiAkaike Information Criterion (QIC) was also applied. In general, the lower value was relatively better than the others. Statistical analyses were performed using SAS, version 9.3 (SAS Institute Inc., Cary, NC, US). Significant differences are indicated according to the following: * P < 0.05 and ** P < 0.001.
Results
General characteristics of participants Table 1 summarizes the general characteristics of the population. Among 8688 participants of KLoSA in 2008, 67 (0.8%) were excluded due to lack of information. Thus, a total of 8621 participants were initially enrolled at baseline. Among them, 3734 men and 4887 women were included in this study. There were 3998 participants (46.4%) aged 65 or over, and 4603 (53.4%) had one or more chronic diseases such as hypertension, diabetes, hypercholesterolemia, or osteoarthritis. Five hundred and fifteen enrolled participants (6.0%) were covered by the medical aid program while the remaining participants were covered by national medical insurance; 2742 participants (31.8%) had private health insurance at baseline. The mean CESD score at baseline was 3.77 with a standard deviation (SD) of 2.96. Except for gender, there were statistical differences in all covariates. Thus, we put all of these independent variables together for analysis of the CESD scores using multivariate analysis.
Distribution of health status variables (SRHs) among participants
According to the SRH-global, there were 2537 participants (29.4%) with ratings of Low, 3119 (36.2%) with ratings of Middle, and 2965 (34.4%) with ratings of High at baseline ( Table 2 ). The distribution of SRHage was as follows: 1725 participants (20.0%) with ratings of Low, 3695 (42.9%) with ratings of Middle, and 3201 (37.1%) with ratings of High in 2008. The differences in distribution between two SRH variables were small. The distributions of SRH-combined categories are summarized in Table 2 . The number of reference categories with the middle SRH-global × middle SRHage was 1700 (19.7%) at baseline. Interestingly, the largest category was High SRH-global × High SRH-age with 1912 participants (22.0%).
Multivariate analysis using SRH-global and SRH-age
Before the multivariate analysis using SRH-combined, we first performed multivariate analyses using SRHglobal and SRH-age with three levels (Table 3) . According to the results, it appears that CESD-10 scores were increased with statistically significant difference when both the SRH-global and SRH-age were low (SRH-global; b = 0.51, p < 0.001, SRH-age; b = 0.52, p < 0.001). In contrast, the estimates for CESD-10 scores were decreased when both SRH variables were high, although there was statistical difference only in SRHage (b = −0.59, p < 0.001) and not SRH-global (b = −0.07, p = 0.130).
To determine the combined effect of SRH-global and SRH-age on depressive symptoms, we used another health status variable, SRH-combined (Table 4 ). According to the result, the low SRH-global with low (b = 0.654, p < 0.001) and middle (b = 0.210, p = 0.003) SRH-age showed association with the increased CESD score with statistically significant difference. Interestingly, participants with high SRH-global × low SRH-age also had a higher CESD score (b = 0.536, p < 0.001) compared to the reference group "middle SRH-global × middle SRH-age." In contrast, participants whose SRH-age was superior to their SRH-global had significantly lower CESD than the reference group among Compared to those with medical aid, participants with medical insurance (b = −0.448, p < 0.001) showed association with low CESD scores, and participants in households in which medical expense/total income was 20 % or above presented significantly increased CESD scores (b = 0.288, p = 0.003) compared to the reference participants with household expenses for medical cost less than five percent of total house income.
We also performed subgroup analysis by income group for both SRH-global and SRH-age (Additional file 2: Figure S2 ). We observed increasing CESD scores according to the increased income groups among low SRH-global and SRH-age. In contrast, there was no definite statistical tendency to decrease CESD scores in both higher SRHs. However, the magnitudes of CESD scores between low and high SRHs were both the greatest in the highest quartile income group.
Subgroup analysis by gender using SRH-combined
Male participants rating low SRH-age matched with all kinds of SRH-global (low; b = 0.825, p < 0.001, middle; b = 0.472, p = 0.006, high; b = 0.696, p = 0.001) had high CESD scores compared to the reference "middle SRHglobal × middle SRH-age" group (Additional file 3: Figure S3 ). Similarly, women with low SRH-global × low SRH-age (b = 0.553, p < 0.001) and middle SRHglobal × low SRH-age (b = 0.286, p = 0.037) indicated that association with higher CESD scores. However, there was no statistical difference in women in the "high SRH-global × low SRH-age" group regardless of the positive estimate (b = 0.377, p = 0.064). 
Discussion
According to the results, there are statistically different variances among the estimates for CESD scores within the same SRH-global levels among different SRH-age levels. Even though the SRH-global level was high, the estimate for CESD was statistically increased in low SRH-age. Conversely, when the SRH-global level was low, there was no significant difference from the reference "middle SRHglobal × middle SRH-age" group. Other covariates of marital status, regular exercise, employment, educational level, Fig. 1 CESD by each nine SRH-combined categories. CESD means the center for epidemiologic studies depression scale, which is a screening test for depression and depressive disorder. In all SRH-global levels including low, middle, and high, the low SRH-age showed a statistically increase in CESD. In contrast, in middle and high SRH-global levels, relatively high SRH-age was statistically associated with the increase in CESD. *P < 0.05, **P < 0.001 and excessive health expenditure presented similar results to those of previous studies. Review of previous papers regarding depressive symptoms was difficult using SRH-age and not SRHglobal [26, 27] . As we performed the same methods as those used in the previous studies using SRHglobal and SRH-age alone, the results from both health status variables showed similar trends to the CESD. The QIC values, which are indicators of goodness of fit, were almost the same between the two SRH variables (SRH-global; QIC = 23,911.3, QICu = 23,905/SRH-age; QIC = 23,911.2, QICu = 23,905). In this sense, it is necessary to measure the effect of the combined SRH on depressive symptoms in another way. To make the interpretation easier, we reduced the five levels of the original SRH-global and SRHage into three and made another nine SRH-combined categories by three methods. Despite the fact that we could not verify statistical significance, we observed the reduction of power in SRH-combined (SRH-combined; QIC = 23,917.5, QICu = 23,911).
Based on the subgroup analysis by gender, it appeared that men had a higher magnitude by the change of SRHcombined categories. In other words, men might be more sensitive to self-related health. However, in another study from Hong Kong, men were more likely to report "better" and less likely to report "worse" SRH than were women [14] . Thus, in order to determine this difference between genders, further investigation is needed.
In addition, according to the subgroup analysis by the quartile income groups, the highest income group was the most sensitive to changes in SRH-combined. Similar or opposite trends were also observed in other SRHrelated research [28, 29] . Burstrom and Fredlund investigated the relationship between SRH and subsequent mortality across individual's socioeconomic classes [28] . Similarly, the association between less than good SRH and mortality rate appeared stronger in higher than in lower socioeconomic individuals. However, according to another study in the United Kingdom [29] , there was no interaction between SRH and socioeconomic classes in their effect on risk of deaths. Although there are reasonable hypotheses to explain why the effect of SRH on health outcomes might differ across socioeconomic classes in both directions, it is not clear why SRH would have a weaker effect in high socioeconomic individuals in some countries or stronger in others. However, in our study, we cautiously suggest that depressive symptoms might be largely associated with economic situation among lower socioeconomic groups, especially in Korea [30, 31] . Thus, SRH in the higher socioeconomic group might have greater association with depressive symptoms compared to SRH in the lower socioeconomic group.
When we looked inside the categories in which SRH-age was inferior to SRH-global, such as middle SRH-global × low SRH-age [ML], high SRH-global × low SRH-age [HL] , and high SRH-global × middle SRH-age [HM], the middle-low income group was the most vulnerable to the change of SRH-combined. In fact, it is well known that income changes and the time dimension of income are important for SRH [32] [33] [34] . SRH responds to decreases in absolute income and lowered rank position in the income distribution to a greater extent than it does to income gains over time. However, it is very interesting that the group most vulnerable to depressive symptoms by the change of SRH-combined is the second lowest group, not the lowest one. We suggested that Medical Aid, a special medical security system for the poor in Korea, covered a large portion of these vulnerable participants in the lowest quartile groups while it could not in the second lowest group.
SRH is one of the most frequent measurements, assessing health perceptions in many epidemiological studies. Several previous studies suggested that even though other important covariates, including physical, socio-demographic, and psycho-social health characteristics, were adjusted, the individual's selfassessment for his or her own global health could be a powerful indicator for further morbidity and mortality [35] [36] [37] [38] . Several hypotheses have explained these results as follows. First, SRH might be associated with some illness that could not be detected by medical science. Another theory is that SRH is able to reflect one's lifestyle behaviors as well as psychosocial and socio-demographic conditions known to be related to health outcomes [39] . Finally, excessive anxiety regarding health has been proved to have important association with poor SRH [40] [41] [42] . In summary, SRH could be an indicator for the instability of the masked physical and mental sickness in one's general health.
In this context, SRH could offer an easy and efficient way to identify patients at risk for poor long-term depression outcomes [2] . According to one previous study from Australia [2] , cross-sectional analysis of baseline data showed that participants reporting poor or fair SRH had greater odds of chronic illness, MDD, and lower socioeconomic status than those reporting good to excellent SRH. For participants rating their health as poor to fair compared with those rating it good to excellent, risk ratios of MDD were 2.10 (95% CI, Table S1 ). In another study [6] , a decrease in depressive symptoms was associated with increased odds for having better SRH (OR, 1.15, 95% CI; 1.04-1.27). Interestingly, it can be expanded to all age groups even though the target population was patients with type 2 diabetes [7] . To put all the things together, the SRH was a strong direct predictor of depressive symptoms and patients' functional health.
In this study, SRH was measured as follows: Participants were asked to estimate their SRH on a scale ranging from 0 ("very poor") to 10 ("very good"). Although this scoring system was different from that used in the two previous studies, it was the same method to our measurement of SRH-age. Therefore, when we put all these results together, it is clear that SRH could clearly reflect depressive symptoms or be useful and efficient indicators for the depressive disorder.
A cross-sectional survey of a nationally representative sample of Israeli persons aged 45 years or older showed that individuals aged 65 years or older were more likely to give a more favorable rating of their health when asked to compare themselves with people of the same age and sex than when the rating was made without a comparison instruction [43] . Heckhausen insisted that self-enhancement is a more important motive in later life because of the need to stabilize the self-amidst increasing difficulties in controlling events in life such as a major health problem [44] . As a result, the effect of selfenhancement on SRH should be greater for older than for younger people. In line with this thinking, we hypothesize that SRH is a stronger function of social comparison in the physical domain for older than for younger adults and that such comparisons serve as a buffer for older people against the threat to SRH due to increasing physical problems. Thus, greater consideration of the SRH-combined, which is the summary of SRH-global and SRH-age, as an important factor is needed when using the SRH in analysis of depression among older people.
There are several limitations in this study.
First, we could not expand this result to all age groups. Since this KLoSA panel was designed to determine the characteristics of families with older persons aged 65 or over, the participants here could be left-truncated at the baseline. Second, we could not evaluate whether there is a real effect of SRH-age changes with age. As previous studies conducted in other countries mentioned that SRH-age had greater association with older than with younger people, it was necessary to evaluate this using other national data in Korea. However, it was impossible that KLoSA is the only Korean national survey using SRHage until now.
Third, SRH could differ from one culture to another, even if the questions are the same [45, 46] . For example, self-enhancement may be a less salient motive for Asians [47, 48] . Additionally, SRH might have different values across ethnicity. Among African Americans, SRH does not have predictability for long-term predictive power to mortality compared to the Caucasians in America [49] . Thus, it should be carefully interpreted when this result is applied in other sociocultural backgrounds. Fourth, we could not generalize the association of SRH and various health outcomes. Although SRH is a good indicator for predicting mortality rate, mortality is not as same as depressive symptom in this research. Thus, we clearly mention that it should be differentiated when you compare the results to other health outcomes like comorbidity or mortality. Finally, SRH-age is not exactly the same as in other studies. Other studies [26, 27] measured the comparative SRH as follows: "How would you assess your general health condition compared to persons of your own age?" with the alternatives "Better, " "Worse, " or "Similar. " However, our indicator also measured agecomparative satisfaction with health reflecting overall health and well-being as the same as others, and we operationally defined SRH-age. Regardless of the similarity, you carefully interpreted the outcome compared to others in different studies.
Conclusions
Although global SRH is a well-known indicator for estimating depressive disorder, it is suggested that use of both general SRH and age-comparative SRH would be more powerful when considering analyzing depression.
In conclusion, individuals with lower SRHs-age compared to SRH-global tend to be more vulnerable to depressive symptoms.
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